Estimation of distances in virtual environments using size constancy by Murgia,  A. & Sharkey,  P.M.
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Sp
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s
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f
o
u
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d
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W
h
e
n
 
ac
cu
r
ac
y
 
d
u
r
in
g
 
eg
o
ce
n
tr
ic 
d
is
tan
ce
 
esti
m
atio
n
 
w
as 
m
ea
s
u
r
ed
 
[
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]
,
 
it 
ap
p
ea
r
ed
 
to
 
im
p
r
o
v
e 
w
h
en
 
p
o
in
tin
g
 
to
w
ar
d
s
 
a 
p
r
ev
io
u
s
ly
 
s
ee
n
 
tar
g
et 
w
h
ile 
b
lin
d
 
w
alk
in
g
 
alo
n
g
 
a 
d
ir
ec
tio
n
 
o
b
liq
u
e 
to
 
it. 
T
h
e 
r
elatio
n
 
b
etw
ee
n
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iv
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an
d
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tu
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d
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b
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T
h
e 
s
am
e 
s
tu
d
y
 
also
 
f
o
u
n
d
 
h
ig
h
 
ac
cu
r
ac
y
 
w
h
en
 
s
u
b
j
ec
ts
 
w
er
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ask
ed
 
to
 
b
lin
d
ly
 
f
ac
e 
a 
p
r
ev
io
u
s
ly
 
s
ee
n
 
tar
g
et 
af
ter
 
b
lin
d
 
w
alk
in
g
 
alo
n
g
 
a 
d
ir
ec
tio
n
 
o
b
liq
u
e 
to
 
th
e 
tar
g
et,
 
ex
p
o
n
en
ts
 
n
 
h
ig
h
er
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a
n
 
0
.
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w
er
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f
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u
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d
.
 
A
n
 
alm
o
s
t 
lin
ea
r
 
r
elatio
n
 
b
etw
ee
n
 
tar
g
et 
d
is
tan
ce
 
an
d
 
w
alk
ed
 
d
is
tan
ce
 
w
as 
also
 
f
o
u
n
d
 
w
h
en
 
b
lin
d
 
w
alk
in
g
 
to
 
p
r
ev
io
u
s
ly
 
s
ee
n
 
tar
g
ets 
[
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.
 
Ou
ts
id
e 
o
f
 
r
ea
l
-
w
o
r
ld
 
s
itu
atio
n
s
,
 
ex
o
ce
n
tr
ic 
d
is
tan
ce
s
 
h
av
e 
b
ee
n
 
f
o
u
n
d
 
to
 
b
e 
o
v
er
esti
m
a
ted
 
in
 
d
esk
to
p
 
d
is
p
lay
s
 
[
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]
 
w
ith
 
lar
g
er
 
er
r
o
r
s
 
en
co
u
n
ter
ed
 
w
h
en
 
a 
b
ac
k
g
r
o
u
n
d
 
g
r
id
 
th
at 
ap
p
ea
r
ed
 
b
eh
in
d
 
th
e 
s
tim
u
lu
s
 
w
as 
r
em
o
v
ed
.
 
I
n
 
co
n
tr
ast, 
eg
o
ce
n
tr
ic 
d
is
tan
ce
 
u
n
d
er
esti
m
atio
n
 
w
as f
o
u
n
d
 
w
h
ile 
j
u
d
g
in
g
 
tar
g
et 
d
is
tan
ce
s
 
o
n
 
v
id
eo
tap
ed
 
o
u
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o
o
r
 
s
ce
n
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[
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.
 
Su
b
j
ec
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j
u
d
g
in
g
 
d
is
tan
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s
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3
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v
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-
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o
r
d
ed
 
an
d
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b
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h
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o
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o
o
r
 
s
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n
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w
er
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p
r
o
j
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d
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m
p
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p
o
w
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r
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g
in
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b
etw
ee
n
 
0
.
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p
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y
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ical 
w
o
r
ld
 
[
2
0
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.
 
Ho
w
ev
er
 
w
h
en
 
s
u
b
j
ec
ts
 
w
er
e 
ask
ed
 
to
 
im
ag
in
e 
w
al
k
in
g
 
to
 
a 
tar
g
et 
in
 
r
ea
l 
w
o
r
ld
 
an
d
 
r
ec
r
ea
ted
 
s
cr
ee
n
-
p
r
o
j
ec
ted
 
v
ir
tu
al 
r
ea
lity
 
s
ettin
g
s
,
 
im
ag
in
ed
 
tim
e 
to
 
w
alk
 
ap
p
ea
r
ed
 
n
o
t 
to
 
b
e 
d
if
f
er
en
t 
b
etw
ee
n
 
r
ea
l 
an
d
 
v
ir
tu
al 
s
ettin
g
s
 
f
o
r
 
d
is
tan
ce
s
 
b
etw
ee
n
 
6
 
m
 
to
 
3
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[
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I
n
 
m
o
r
e 
im
m
er
s
iv
e 
v
ir
tu
al 
r
ea
lity
 
d
ev
ices 
s
u
ch
 
as 
h
ea
d
 
m
o
u
n
ted
 
d
is
p
lay
s
 
(
HM
Ds),
 
eg
o
ce
n
tr
ic 
d
is
tan
ce
 
u
n
d
er
est
im
atio
n
 
w
as 
also
 
f
o
u
n
d
 
[
2
2
]
.
 
Dis
tan
ce
 
co
v
er
ed
 
b
y
 
b
lin
d
 
w
alk
in
g
 
to
 
a 
tar
g
et 
s
ee
n
 
th
r
o
u
g
h
 
HM
Ds 
w
as 
f
o
u
n
d
 
to
 
b
e 
7
7
% o
f
 
th
e 
ac
tu
al 
d
is
tan
ce
,
 
w
h
ile 
if
 
th
e 
tar
g
et 
w
as 
s
ee
n
 
in
 
th
e 
p
h
y
s
ical 
w
o
r
ld
 
th
r
o
u
g
h
 
a 
r
estricte
d
 
f
ield
 
o
f
 
v
iew
 
an
d
 
u
n
r
estricte
d
 
m
o
n
o
cu
lar
 
v
iew
,
 
u
n
d
er
esti
m
atio
n
 
w
as 
9
6
% 
[
2
3
]
. 
Dis
tan
ce
 
co
m
p
r
ess
io
n
 
b
y
 
ab
o
u
t 
3
0
% 
w
as 
also
 
f
o
u
n
d
 
d
u
r
in
g
 
b
lin
d
 
th
r
o
w
in
g
 
w
h
ile 
w
ea
r
in
g
 
HM
Ds 
[
2
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]
.
 
W
h
en
 
s
u
b
j
ec
ts
 
w
er
e 
ask
ed
 
to
 
j
u
d
g
e 
th
e 
d
is
tan
ce
 
o
f
 
cy
lin
d
er
s
 
p
lace
d
 
in
 
f
r
o
n
t 
o
f
 
th
em
 
at 
d
if
f
er
en
t 
d
ep
th
s
,
 
d
is
tan
ce
 
esti
m
ates 
in
 
VE
s
 
b
ased
 
o
n
 
v
er
b
al 
r
ep
o
r
t 
w
er
e 
4
7
% 
o
f
 
ac
tu
al 
d
is
tan
ce
s
,
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m
p
ar
ed
 
to
 
7
2
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in
 
th
e 
r
ea
l 
w
o
r
ld
.
 
T
r
av
er
s
in
g
 
a 
d
is
tan
ce
 
r
ath
er
 
th
an
 
s
im
p
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esti
m
atin
g
 
it 
v
er
b
ally
 
w
as 
ac
co
m
p
an
ied
 
b
y
 
in
cr
ea
s
ed
 
p
er
f
o
r
m
an
ce
 
[
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]
.
 
I
n
 
co
n
tr
ast, 
I
n
ter
r
an
te 
an
d
 
A
n
d
er
s
o
n
 
[
2
5
]
, 
w
h
ile 
m
ea
s
u
r
in
g
 
b
lin
d
 
w
alk
in
g
 
in
 
p
h
y
s
ical 
an
d
 
VE
s
 
th
at 
r
ep
licated
 
th
e 
r
ea
l 
w
o
r
ld
 
o
n
es 
o
cc
u
p
ied
 
b
y
 
th
e 
p
ar
ticip
an
t, 
d
id
 
n
o
t 
f
in
d
 
an
y
 
s
tatis
tically
 
s
ig
n
if
ican
t 
d
if
f
er
en
ce
s
 
b
etw
ee
n
 
p
h
y
s
ical 
an
d
 
v
ir
tu
al 
co
n
d
itio
n
s
.
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m
p
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er
s
iv
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en
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o
n
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C
A
VE
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er
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b
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b
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ee
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b
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2
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1
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0
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I
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s
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er
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tu
al 
d
is
tan
ce
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av
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d
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u
n
d
er
esti
m
atio
n
 
b
y
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ar
ticip
an
t. 
Un
d
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m
atio
n
 
in
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C
A
VE
 
w
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f
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u
n
d
 
b
y
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et 
al.
 
[
2
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]
 
u
s
in
g
 
b
lin
d
 
w
alk
in
g
,
 
esti
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ated
 
w
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in
g
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an
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v
er
b
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ep
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r
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Ho
w
ev
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,
 
alth
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u
g
h
 
d
ep
th
 
h
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b
ee
n
 
f
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u
n
d
 
to
 
b
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g
en
er
ally
 
u
n
d
er
esti
m
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in
 
VE
s
 
t
h
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ap
p
ea
r
s
 
to
 
b
e 
in
f
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en
ce
d
 
b
y
 
th
e 
cu
es 
av
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w
h
ich
 
r
an
g
e 
f
r
o
m
 
g
r
ap
h
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r
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n
,
 
to
 
s
ter
eo
s
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p
ic 
v
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n
,
 
to
 
FOV,
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o
u
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ed
 
at 
th
e 
b
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in
n
in
g
 
o
f
 
s
ec
tio
n
 
1
.
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.
 
W
itm
er
 
an
d
 
Klin
e,
 
d
is
p
lay
in
g
 
a 
v
ir
tu
al 
s
ce
n
e 
o
n
 
a 
B
OOM
2
C
 
d
ev
ice,
 
f
o
u
n
d
 
th
at 
d
if
f
er
en
t 
f
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o
r
 
tex
tu
r
es 
d
id
 
n
o
t 
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f
ec
t 
d
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m
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n
 
[
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]
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I
m
ag
e 
q
u
ality
 
also
 
h
ad
 
n
o
 
ef
f
ec
t 
o
n
 
eg
o
ce
n
tr
ic 
d
i
s
tan
ce
 
p
er
ce
p
tio
n
 
o
f
 
tar
g
ets 
u
s
in
g
 
b
lin
d
 
w
alk
in
g
 
an
d
 
tr
ian
g
u
latio
n
 
[
1
]
.
 
P
er
f
o
r
m
an
ce
 
d
u
r
in
g
 
ex
o
ce
n
tr
ic 
d
is
tan
ce
 
esti
m
atio
n
 
also
 
in
cr
ea
s
ed
 
if
 
s
ter
eo
 
o
r
 
ad
d
itio
n
al 
cu
es 
s
u
ch
 
as 
s
h
ad
o
w
s
 
an
d
 
in
ter
r
ef
lectio
n
s
 
w
er
e 
ad
d
ed
 
in
 
HM
Ds 
[
1
0
]
. 
C
r
ee
m
-
R
eg
eh
r
 
et 
al.
 
[
3
]
 
s
u
g
g
ested
 
th
at 
FOV 
h
ad
 
lim
ited
 
ef
f
ec
t 
o
n
 
d
is
tan
ce
 
u
n
d
er
esti
m
atio
n
 
in
 
HM
Ds, 
alth
o
u
g
h
 
th
e 
r
estricte
d
 
v
iew
in
g
 
co
n
d
itio
n
s
 
u
s
ed
 
w
er
e 
o
n
ly
 
test
ed
 
in
 
r
ea
l
-
w
o
r
ld
 
s
ettin
g
s
.
 
Sim
ilar
 
co
n
clu
s
io
n
s
 
o
n
 
FOV,
 
ag
ain
 
f
r
o
m
 
r
ea
l
-
w
o
r
ld
 
s
itu
atio
n
s
,
 
w
e
r
e 
also
 
d
r
aw
n
 
b
y
 
Kn
ap
p
 
et 
al.
 
[
2
8
]
. 
Mo
r
e 
r
esear
ch
 
is
 
n
ee
d
ed
 
to
 
clar
if
y
 
w
h
eth
er
 
r
estrictin
g
 
FOV 
h
as 
an
y
 
in
f
lu
en
ce
 
w
h
en
 
th
ese 
test
s
 
ar
e 
co
n
d
u
cted
 
in
 
VE
s
 
r
ath
er
 
th
an
 
r
ea
l
-
w
o
r
ld
 
co
n
d
itio
n
s
.
 
T
h
e 
co
n
v
er
g
en
ce
 ±
 
ac
co
m
m
o
d
atio
n
 
co
n
f
lict 
h
as 
also
 
b
ee
n
 
p
o
in
ted
 
o
u
t 
as 
o
n
e 
o
f
 
th
e 
f
ac
to
r
s
 
th
at 
in
f
lu
en
ce
 
d
is
tan
ce
 
p
er
ce
p
t
io
n
 
in
 
VE
s
 
[
8
]
.
 
Fo
r
 
a 
v
ir
tu
al 
im
ag
e 
p
er
ce
iv
ed
 
to
 
b
e 
b
ef
o
r
e 
th
e 
f
r
o
n
t 
s
cr
ee
n
 
th
e 
f
o
ca
l 
p
o
in
t 
is
 
in
 
f
ac
t 
f
u
r
th
er
 
aw
ay
 
th
an
 
th
e 
v
er
g
en
ce
 
p
o
in
t, 
w
h
ile 
th
e 
o
p
p
o
s
ite 
h
ap
p
en
s
 
f
o
r
 
an
 
o
b
j
ec
t 
p
er
ce
iv
ed
 
to
 
b
e 
b
ey
o
n
d
 
th
e 
f
r
o
n
t 
s
cr
ee
n
 
s
in
ce
 
th
e 
ey
es 
w
ill 
f
o
cu
s
 
o
n
 
th
e 
s
cr
ee
n
 
an
d
 
y
et 
co
n
v
er
g
e 
o
n
 
th
e 
o
b
j
ec
t. 
I
n
 
ad
d
itio
n
,
 
r
etin
al 
b
lu
r
 
is
 
n
o
t 
co
n
s
is
ten
t 
w
ith
 
th
e 
s
ce
n
e 
d
ep
th
 
b
u
t 
w
ith
 
th
e 
d
is
tan
c
e 
o
f
 
th
e 
p
r
o
j
ec
tio
n
 
s
u
r
f
ac
e.
 
Hen
ce
,
 
if
 
in
f
o
r
m
atio
n
 
d
er
iv
in
g
 
f
r
o
m
 
ac
co
m
m
o
d
atio
n
 
s
tim
u
lu
s
 
af
f
ec
ts
 
d
ep
th
 
esti
m
atio
n
,
 
th
e 
d
ep
th
 
o
f
 
an
 
o
b
j
ec
t 
in
 
f
r
o
n
t 
o
f
 
th
e 
s
cr
ee
n
 
w
o
u
ld
 
b
e 
o
v
er
esti
m
ated
 
w
h
ile 
b
ey
o
n
d
 
th
e 
s
cr
ee
n
 
it w
o
u
ld
 
b
e 
u
n
d
er
esti
m
ated
 
[
9
]
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en-US
C
o
n
tr
ar
y
 
to
 
eg
o
ce
n
tr
ic 
d
is
tan
ce
 
esti
m
atio
n
,
 
s
ize 
esti
m
atio
n
 
in
 
VE
s
 
ap
p
ea
r
s
 
to
 
b
e 
q
u
ite 
ac
cu
r
ate.
 
C
o
r
r
ec
t 
j
u
d
g
m
en
t 
o
f
 
s
ize 
is
 
estab
lis
h
ed
 
in
d
ep
en
d
en
tly
 
f
r
o
m
 
th
e 
s
h
r
in
k
ag
e 
o
r
 
en
lar
g
em
en
t 
th
at 
o
cc
u
r
s
 
o
n
 
th
e 
r
etin
a 
w
h
en
 
an
 
o
b
j
ec
t 
m
o
v
es 
clo
s
er
 
o
r
 
f
ar
th
er
 
aw
ay
 
f
r
o
m
 
th
e 
s
u
b
j
ec
t 
[
1
5
,
 
2
9
]
.
 
T
h
is
 
ab
ilit
y
 
d
ec
r
ea
s
es 
as 
m
o
r
e 
cu
es 
ar
e 
r
em
o
v
ed
 
an
d
 
s
ize 
j
u
d
g
m
en
t 
s
w
itch
es 
f
r
o
m
 
a 
s
ize
-
co
n
s
tan
cy
 
law
 
to
 
a 
j
u
d
g
m
en
t 
b
ased
 
o
n
 
r
etin
al 
d
im
en
s
io
n
s
,
 
also
 
k
n
o
w
n
 
as 
th
e 
v
is
u
al
-
an
g
le 
law
 
[
2
9
]
. 
I
n
 
C
A
VE
-
lik
e 
en
v
ir
o
n
m
en
ts
 
Ken
y
o
n
 
et 
al.
 
[
1
2
]
 
d
em
o
n
s
tr
ated
 
th
at 
s
ize
-
co
n
s
tan
cy
 
is
 
p
r
eser
v
ed
 
p
r
o
v
id
ed
 
th
at 
s
u
f
f
icien
t 
en
v
ir
o
n
m
en
tal 
cu
es 
ar
e 
g
iv
en
 
to
 
esti
m
ate 
d
ep
th
.
 
I
f
 
th
ese 
cu
es 
ar
e 
r
em
o
v
ed
,
 
s
ize 
is
 
esti
m
ated
 
b
ased
 
o
n
 
th
e 
v
is
u
al 
an
g
le 
an
d
 
s
ize
-
co
n
s
tan
cy
 
is
 
n
o
t 
m
ain
tain
ed
.
 
Ken
y
o
n
 
et 
al.
 
u
s
ed
 
a 
p
h
y
s
ical 
o
b
j
ec
t 
(
a 
b
o
ttle 
o
f
 
liq
u
id
)
 
to
 
p
r
o
v
id
e 
a 
r
ef
er
en
ce
 
o
f
 
ab
s
o
lu
te 
d
is
tan
ce
 
an
d
 
ask
ed
 
th
e 
p
ar
ticip
an
ts
 
to
 
s
ca
le 
u
p
 
o
r
 
d
o
w
n
 
a 
v
ir
tu
al 
b
o
ttle 
s
o
 
th
at 
its
 
s
ize 
m
atch
ed
 
th
at 
o
f
 
th
e 
r
ea
l 
b
o
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